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‘7,SUMMARYP,<\“

An 1nvest1gatlon has been completed 1n the Langley 20-foot free-

_asplnnlng tunnel on a l/lB—scale model of"the Ryan X-13 airplane to deter-;

mine its spin, recovery, and tumbling. characteristics, and to determine
the. ninimum altitude from which a'belLy landlng could be made in case of
power fallure in hoverlng fllght

Model spin tests were conducted Wlth and w1thout Slmulated engine -
rotation. Tests without similated engine rotatlon indicated two types
of spins:  one, a sllghtly osc1llatory flat spin; and the other, a vio-

. lently osc1llatory spin. - Tests with simulated engine rotation 1ndlcated
f‘,that spins to. the left were fast rotatlng and steep and those to the

- right were slow rotatlng and flat. The optimum technique for recovery
" is reversal of the rudder to- agalnst the spin and simultaneous movement
- +of the ailerons to full with the spin followed by movement of the ele-
‘Pq,‘vators to neutral after the spln rotation ceases. o

Tumbllng tests made on the model 1nd1cated that although the Ryan

K- 15 alrplane will not tumble in the ordlnary sense (end-over- end pltchlng

motlon), 1t may 1nstead tend to enter a w1ld gyratlng motlon

Tests ‘made to 51mulate power fallure in hoverlng flight by dropping

’?'the model 1ndlcated that the model entered: what appeared to be a right
"spln ~An -attempt should be made to stop- +this motion immediately by

mov1ng the rudder to oppose the rotation (left pedal), moving the ailer-
ons” to with the spin (stlck rlght), ‘and moving the stick forward after
~the: spln rotation ceases to obtain flying speed for pullout. The mini-

Cmum altltude requlred for a belly landing in case of power failure in
"hoverlng fllght was 1ndlcated to be about b, 200 feet
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INTRODUCTION

In accordance w1th a request by the U. S. Air Force, an investiga-
‘ tlon has‘ been conducted to determine the spin, recovery, and tumbling
characterlstlcs of 8- 1/18 scale model of the Ryan X-13 airplane and also
to determlne the mlnlmum altitude. requlred for .a belly landing in case
" of power . fallure in hovering flight. Test results previously completed
~to determlne the size of parachute. required for emergency spin recovery

':‘and to.determine the spin and recovery characterlstlcs without simulated

" engine angular momentum are presented in references 1 and 2, respectively.
The present . report presents the concluding results in this investigation
and includes the 'spin, recovery, and tumbling characterlstlcs for the

‘model with and w1thout simulated engine angular momentum. Also included

: in this report are the results obtained to determlne the minimum alti-

tude that would be required for a belly landlng after power failure in
vhoverlng fllght.

. All tests were conducted for the normal welght-full -fuel loadlng
“(w1th hook 1nstead of landlng gear) at a center-of-grav1ty locatlon of

32, 5 percent ‘mean aerodynamlc chord.

o An appendlx is- 1ncluded whlch presents -a general descrlptlon of

. the model testing technlque, the precision with ‘which model test results
and mass characteristics are determined, variations of model mass char-
acterlstlcs -occurring during tests, and a general comparison between
avallable ‘model and full-scale airplane results.

SYMBOLS
, wing‘span,‘fﬁ
- wing area, sq ft
mean aerodynamic chord, ft
ratio of distance of center of gravity rearward of

leading edge of mean aerodynamlc chord to mean aero-
dynamlc chord

’ffz/tfr ‘le*'_ ratio of distance between center of gravity and fuse-
: g LT lage reference line to mean aerodynamlc chord (posi-
tive when center of graV1ty ig below reference line)

hm' _ ) mass of airplane, slugs
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<...moments of inertia about X, Y,_and Z body axes, respec-

Tty 1z 5
S : . tively, slug-ft
Iy - Iy 0 , :
— inertia yawing-moment parameter
—5 ‘ertia:rolling-moment parameter
‘_[Z';»Ix‘f o o ) : -
- inertia pitching-moment parameter
mbT " ‘
e . air density, slugs/cu ft
BV o relativevdensity of airplane, E%S
o o — "angle between fuselage reference ‘1ine and vertlcal
' (approx1mately equal to absolute value of angle of
attack at plane of symmetry), deg ' :
angle between span ax1s and horizontal deg
v o . full-scale true rate of descent, ft/sec
Q. o ) full-scale angular velocity about spin axis, rps

 MODEL AND TEST CONDlTIONS‘ -

The l/l8— cale model of the Ryan X- 13 airplane was built at the
Langley Laboratory of ‘the National Advisory Committee for Aeronautics.
A t' ee-View ‘drawing of the model is shown in figure 1, and a photograph

i‘ of . the ‘model as tested is shown in figure 2. The dimen51onal character- :
'_1stics of the airplane are presented inh.table I. ‘

The model was ballasted to obtain: dynamic 31milarity ‘to the air—

-»uplane at. an.altitude of. 25,000 feet (p = 0.001065 slug/cu ft). The
‘loading conditions possible on the X-13 airplane and the loading tested
-on the model are presented in table IT. .

The tumbling tests were made by launching the model w1th both pos1-

Ctive and negative initial rotation with elevators in the up, neutral,

and- down positions and with rudder and ailerons neutral. These tests

' were ‘made for both zero and idling engine speeds.

iuulllluiint : | 3



.'Rudder, _ _
xAllerons, deg S e e e e e e e e w e e« 1T7.5 up, 17.5 down

w1nd've1001t1es were about 10 knots or less. No control movement was

L attempted during the drop, and, therefore, the controls remained fixed

throughout any one control conflguratlon tested. The drop tests were

cuuductcd by hu;oting the” moﬂn1 1£R feet by 2 nn11pv arrangement to &

“boom located at the “top of .a water tank. The model was then allowed to

drop from rest in a nose-up hovering attitude by pulling a pin releasing

'the model A large net was 1nstalled near the ground to catch the model.

All spln and drop tests were conducted w1th and without simutated

englne angular momentum fér full (8,000 rpm) and idle (4,000 rpm) engine
'speeds. The tumble tests were conducted for conditions simulating both ‘
’ englne off and 1d11ng ‘

The. angular momentum of the rotating parts (counterclockwise as

.vlewed from rear) of the full-scale Rolls-Royce Avon R.A. 14 jet engine

was simulated by rotating a flywheel with a small direct-current motor
powered by small silver-cell batteries. The flywheel was located in
the model so that the axis of the angular momentum was parallel to the
longltudlnal axis of the airplane.

“A remote-control mechanlsm was 1nstalled in the model to actuate '
the controls for spin-recovery attempts in the spin tunnel. Sufficient
hinge moments were exerted on the controls for recovery attempts to
reverse them fully and rapldLy

Longitudinal and lateral control are obtained from one control
known as an elevon. In determining the deflection of the elevon con-

:trol motions resulting from longitudinal and lateral deflections of

the stlck are additive. For convenience, elevon motions are discussed

. . herein in terms of elevator.and aileron movements. The maximum control

deflections (measured perpendlcular to the hinge line) used were as
follow ¢ : ‘

deg Y~ 5 right, 25 left

o e e e e e e e e e e ee o .. 22.5 up, 2.5 down

RESULTS AND DISCUSSION

The results of the spln and recovery tests are presented in charts l

l to 5 and ‘for the tumbling tests in table ITI. The results of the drop

tests are presented in table IV



Spin Tests

Power off.-3Results of the spin tests conducted without similated
rotation of the engine parts are presented in chart 1 and indicate that,
for‘thisxconditidﬁ - spins ranging from slightly oscillatory to violently

oscillatory were possible. At times, the model oscillated out of the
~ spin and went into a wild gyrating motion. These results were similar
to those reported i :referenCe 2 for a more forward center-of-gravity
position in that satisfactory recovery from the developed spin by rever-
sal of the rudder alone could not be obtained. Aileron deflections
' against the spin (stick left in'a right spin) were adverse to recavery, .
whereas moving the ailerons to with the spin in conjunction with rever-
- sal ‘of the rudder resulted in satisfactory recoveries. However, after
recovery the model often entered a spin in the opposite direction; there-
"' fore, the pilot should meutralize rudder and ailerons -on the airplane

" immediately after recovery from a spin. ‘ K

Power ‘on.- Spin tests conducted with the simulated idle and full
engine<speeds'aré presented in charts 2 to 5. ‘Spinetést results were

© consistent with reference 3 in that, for spins in which the flywheel

rotation and spin direction were in the same sense (left spins), the
model generally spun steeper and rotated faster, and, for spins in which
the flywheel rotation and spin direction were in the opposite sense, the

" 'model spun flatter and rotated slower than for spins in which no engine

- rotation was similated. Computations indicate that the pilot may be
subjected to transverse (forward and rearward) accelerations tending to
push him forward from his seat (against his belt) and toward the nose
of the alrplane asahigh‘as'seven times that of gravity for the spin
with high rates of rotation. S '

.. Test results indicate that for the X-13 airplane, the engine angu-
~lar momentum will have a. very large effect on the spin and recovery
_characteristics.. The spins conducted on the model simulating left spins -

" on thé airplane with power on (engine rotation and 'spin direction in thev‘.

same sense) were steeper than spins without simulated engine rotation and -

.. were slightly to violently oscillatory (charts 2 and 3). ' The ‘optimum

' control movement for recovery was the same as for power-off spins, that

' is, rudder deflected to against the spin and simultaneous movement of

- the ailerons to with the spin with the stick full back followed by move-

. ment .of the elevators to neutral after the spin rotation ceases. After
recovery, the model invariasbly started turning in the opposite direction,
butfinstead,of developing a spin in the opposite direction, as was gen-
erally the case for power-off spins, the model oftentimes went into a

 wild gyrating motion. This motion, which may be difficult for the pilot

. %0 terminate, consisted of a rolling motion with simultaneous yawing and

- pitching. (See fig. 3.) ' =




“Model results indicated that right spins on the airplane (engine
rotation and spin:direction in the opposite sense) would be very dif-
Cificult ﬁoﬂdbtain (charts 4 and 5). A developed spin on the model could
" be obtained only when ailerons were full against the spin with simulated
" idle engine rotation. It was indicated that recoveries from this spin
by rudder reversal and simultaneous movement of ailerons to with the
spin would be rapid“ynless‘the stick was forward longitudinally, but -

.. the model quickly went into a wild gyrating motion after spin recovery.
" Although the model could not be made to spin unless the ailerons were
- full sgainst the spin; when attempts were made to launch the model into
the spin 'at other comtrol configurations, the model went into the wild.
.gyrating motion prevﬁdusly'discusSed.”'From?these tests it appeared
. 'that when the model ‘&t a high angle of attack was yawed in a sense oOppo-
" site to the engine rotation, it was very inclined to enter the gyrating
.motion. R ' ' - :

' The ‘angular momentum of the simulated rotating jet engine was very
large because of the large engine installed in the relatively small
X-13 airplane, and the resulting gyroscopic moment was probably the
primary factor leading to the wild gyrating motion of the model. All
spins on the X-13 airplane should be avoided, but in the event a spin
' ‘develops with power on,. it is recommended that the power be cut and

ery is attempted by full rudder reversal and simultaneous movement of =

the ailerons to full with the spin.. This procedure should minimize the'
chances of entering the wild gyrating motion. '

Tumbling Tests

' The tumbling-test results are presented in table ITI. The test

“indicate that, although the-airplane will not tumble in the
. sense (énd—overgend’pitChing motion), it will instead tend to
e wild gyrating.motion.previéuSly-mentioned,

'results

' “'The tendency for the model to enter the wild gyrating motion was
 ‘more pronounced when the model ‘was launched with negative initial rota-
. tion (nose down) than with positive initial rotation (nose up) with .
simulated engine rotation, apparently because the resulting gyroscopic
ing. moment ‘due to the nose-down pitching velocity yawed the model to
ight, in a direction of. opposite semse to the engine rotation. -

| ‘Drop Tests

Soﬁé fepreséntati#e drop-test fésuits‘are‘presenﬁed'in table IV
. and typical motion-picture film strips of the ‘tests are shown in fig-
ures 3 snd 4. R |

. ..the engine rotation allowed to decrease as much as possible before recov- - -
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The model test results 1nd1cate that ;- at the beginning of the dron

e’when the engine is rotatlng at almost full speed, the airplane will drop
© tail down at first' and then will nose over to or past the horizontal

(figs. % and 4) at'a rate for which the maximum rate of pitch was about
130~ per second. The: nose of the model generally tended to pitch for-
ward and down (negative pitching). The resulting gyroscopic yawing
moment of the s1mulated rotating englne due to the nose-down pltchlng
velocity yawed the model to the right, and the model then entered what

- appeared to be a rlght spin. According to test results, approximately

6.5 seconds from flame—out would be required for the X-13 airplane to
enter this ‘motion which appeared to be a right spin. The engine rotation

by this time . on the full-scale airplane would only be about 2,000 rpm

(fig. 5) and, therefore the resulting motion or spin may be cons1dered
to be with no engine rotatlon. An attempt should be made on the alrplane
to stop this motion immediately by moving the rudder to oppose the rota-
tion (left pedal), moving the ailerons to with the spin (stick right)
and, then, after the spin rotation stops, moving the stick forward to

obtaln flylng speed for pullout.

'In some.cases the nose of the model 1n1tally pitched back and down

' (positive pitching).  The resulting gyroscopic yawing moment of the
- gimulated’ rotatlng engine in this case due.to ‘the positive pitching.

velocity yawed the model in a clockwise direction as viewed from above,
which is the same. direction as for the case in which the nose of the
model initially pitches negatively. The model in some cases rolled as
it pitched positively and was in the erect position by the time the
horizoatal position was obtained. The model, therefore, ended in the
same attitude and spin direction as when the initial pitching direction
was negatlve. However, sometimes the model pitched without rolling.
In this case the model pitched pOS1t1vely about 270° and then back to
the vertical (nose—down) p031t10n and entered a dive.

Based on model test results, the altltude loss of the airplane from

. the time of flame-out to the time the spin was entered would.be about

900 feet. This distance was calculated by assuming gravity acting on

a freely falling body for the time it took the model to enter the spin.
To recover from this spin and enter a gllde requlred another 800 feet,
~which was based on the time for the model to recover from a spin in the
spin tunnel at the rate of descent during recovery with flywheel-off
condition. The distance required to obtain a - ‘horizontal trim flight
-attitude. after.recovery. from the spin was not computed for the X-13 model,
but ‘pased on a similar conflguratlon of reference L4, an assumption of

2, 500 feet was made for the X-13 airplane. Therefore, the minimum alti-

j tude con51dered safe after flame-out should be approx1mately 4,200 feet.
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- SUMMARY OF RESULTS

Scults of tests of & 1/18-scale model of the Ryan
Q%;lowing conclusions are made for the airplane at

0/:feet in regard to the spin, recovery, and tunbling
_regard to the drop characteristics from power

X-13 airplane, the

characteristics an

. l _.Twé',ty’pes" of »pxhvs.‘mé.y‘.lbé pdssiblebri the airplane, one a

'sligptlnySCillatory spin.and the other a violently oscillatory spin;”<’

) 2.'Thé>gyroségpi¢ ﬁoment$ of the rotating jet engine parts will
have a very large effect on the spinning characteristics. The spins

to the left will be very fast and steeper and to the right will be very

" slow and flatter than spins with power off.

3. Aileron deflections against the spin should be avoided during
spins. o : o : - -

k. The optimum control ﬁechniQué fcr‘reCOVery is reversal of the

..g:rudder to full against the spin and simultaneous movement of the ailerons
© to full with the spin followed by moving the elevators to neutral after .
‘the spin rotation ceases. The airplane may very quickly enter another

spin in the opposite direction if the engine is off. Caution should be:
exercised to avoid entering another spin by neutralizing all controls
immediately after recovery. ' ‘

/5. All spins should be avoided. If a spin should develop, the

© power should be cut immediately and the engine speed allowed to decrease

as much as possible before recovery is attempted. The airplane may

+  enter a wild gyrating motion if recovery is attempted with the engine 
' rotating as much as or more than idle speed. 2 : ‘ :

f6!?The1airplane_will;ndt tumblé‘but may enter a wild gyrating

motion.. .

‘ 7.fRécoveryffrom’the wildféyrating motioﬁ-is,doubtful.

. 8. The airplane, when falling as a result of power failure in
hovering flight, will have a strong tendency to enter a right spin as
a result of the gyroscopic yawing moment of the jet engine. The spin
should be stopped_immediately"by the recovery technique previously

mentioned_and'after the spin rotation‘ceases,vthe stick should be moved

" forward to obtain flying speed for pullout.
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T - 9. The minimum altitude required for a belly landing in case of

i e power fallure in: hoverlng flight is indicated to be about 4,200 feet.
®eee ' Langléy Aéronautlcél Laboratory,

b3 ', National Advisory Committee for Aeronautics,.

. e Langley Field, Va., March.25, 1957.

Jemes S. Bowman, Jr. ’
Aeronautical Research Engineer

Thomas . A Harris.
Chief of Stablllty Research DivisiOn
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APPENDIX

 MODEL TESTING '.[ECHNIQUE AND PRECISIOI\‘T'

Model Testlng Technlque

S The operatlon of the Langley. 20—foot free-splnnlng tunnel is gen-
-erally ‘similar to that described in reference 5 for the Langley 15-foot
-free-splnnlng tunnel except that the model—launchlng technique is dif-
ferent. With the controls set in the desired position, a model 1is
launched by hand with rotation into the vertically rising airstream.
After a number of turns in. the established spin, & recovery attempt is

- made by moving one or more controls by means of a remote-control mecha-

' nism. - After recovery, the model dives into a safety net. The tests

. are photographed with a motion-picture camera. The spin data obtained
from these tests are then converted to corresponding full-scale values
by methods described in reference 5' ’

Spln—tunnel tests are usually performed to determine the spin and
. recovery characteristics .of a model for the- normal spinning-control con-
- figuration (elevator full up, lateral controls neutral and rudder full .

~ with the spln) and for various other lateral .control. and ‘elevator com-
»blnatlons 1nclud1ng neutral. and maximum settings of the surfaces. Recov-
ery is generally attempted by rapid full reversal of the rudder, by

-rapid full reversal of both rudder and elevator, or by rapid full rever-

' sal of the rudder simultaneously with moving ailerons to full with the
spin. The particular control manlpulatlon required for recovery is gen-
erally dependent on the mass and dimensional charscteristics of the
model (refs. 6 to 8). Tests are also performed to evaluate the possible
.adverse effects on: recovery of small deviations from the, normal control
configuration for spinning. For these tests, the elevator is set at
either full-up or two-thirds of its full-up deflection and ‘the lateral
‘controls are set at one-thlrd of full" deflection in the dlrectlon con-

 ducive to slower ‘recoveries, which may be either against the. 5p1n (stlck
left.in- a rlght sp1n) or with the spin, the direction- dependlng primarlly

- on the mass characterlstlcs of the. partlcular model. Recovery is attempted
by rapldly reversing the rudder from full with the spin' to only two-thirds
against the spin, by simultaneous rudder reversal to two-thirds against =
the spin and movement of the elevator to either neutral or two-thirds
down, or by simultaneous rudder reversal to two—thirds against the spin
‘and stick movement to two-thirds with the spln. This control configura-
tion and menipulation is referred to as the "eriterion spin," with the
’partlcular control settings and manlpulatlon used being dependent on the

" mass and dlmen31onal characterlstlcs of the model. :
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s o Turns for recovery are ,eaqured from,the time the controls are

‘ ‘moved for recovery antll the spin rotation ceasés. Recovery character-
‘?1’,: v istics of a model are generally considered to be.satisfactory if recov-
f:yf' Ll ery attempted from the criterion spln in any of the manners previously
“ese - described is accomplished within. 2Z turns. This value has been selected

(X1 1]

@-: . on the basis of full-scale-airplane spin-recovery data that are avail-
: able for comparlson wlth corresponding model test results. ~

For recovery attempts in which.a model strikes the safety net while
it is still in a spin, the recovery is recorded as greater than the num-
' ber of turns from the time ‘the controls were moved to- the time the model
struck the net, as >3. A >3-turn recovery, however, does not necessarily
indicate an 1mprovement over a >7-turn recovery. A recovery of 10 or
more turns is indicated as «. When a model recovers without control
movement (rudder held with the spln), the results are recorded as "no

anin N

D Alle

Pre01s1on

e : Results determlned 1n free- splnnlng tunnel tests ‘are belleved to
'~ﬂ'beﬁtrue valuesrgiven by models within the following limits: - '

B -
B, A « « « ¢« s e e e e e e e e e e e e e e e e e XL
V, percent . . o . 4 oo e e e e e e e e e e e e e e e e e e e e e 5
Q, percent . . . . . . . e e e e e e s e e e e e e e e e e e e 12

Turns for recovery obtained from motion-picture records . . . . . . i%
‘Turns for recovery‘obtained visually . .‘; e

o The precedlng llmlts may be exceeded for certaln spins in which it
Tis difflcult 4o control the model in the tunnel because of the high rate

" of descent or because of the wanderlng or os01llatory nature of the spin.

The accuracy of measuring the weight and. mass dlstrlbution of models
' 'is believed to be within the follow1ng limits:

Weight, percent . } .« .. ; . e .‘;‘.7;’; ;l; e ¥
- Center=of-gravity: location;- percent - o &
: Moments of 1nertia, percent T T R 5

Controls are set. w1th an accuracy of 10,
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Vai'iations in Model Mass Characteristics

Because it is 1mpractlcable to ballast models exactly and because
of inadvertent damage to models during tests, the measured weight, mass
distribution, and the simulated angular momentum of the X-13 model varied
from the true scaled-down values within the following limits: .

Weight, percent S h e b et Otolhlgh
"Center-of-gravity locatlon, percent El e ;'.1§ 0 to 1 forward
: Angular momentum, percent v e i e e e .o . .. .10 high to 10 low. ..
Moments of 1nert1a: . S ’ C S
' Iy, peroent v e . IEEREE I AR high_towlh‘high
Ty, percent « « . + + « o s+ + o o« .+ . & .w . 6highto 8 high
S Ig, percent . . .o e w e a et e e e e e e e 7 low

Comparlson Between Model and Alrplane Results

Comparlson between model and full scale results in reference 9
indicated that model tests accurately predicted full-scale recovery .
characteristics approx1mately 90 percent of the time and that, for the
remaining 10 percent of the time, the model results were of value in
predicting some of the details of the full-scale spins, such as motions.
in the developed spin and proper recovery techniques. The airplanes
generally spun at an angle of attack closer to 45° than did the corre-
sponding models. ' The ccmparison presented in reference 9 also indicated

that generally the airplanes spun with the inner wing tilted more down-

ward and with a greater altitude loss per revolution than- did the  cor-
responding models, although the hlgher rate of descent was found to be
generally associdated with the. smaller angle of attack regardless of
whether 1t was for the model or the alrplane.
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE
RYAN X-13% AIRPLANE AS SIMULATED ON

1/18—SCALE SPIN MODEL

Overall Llengbh, TH « « « v « o v o s o e a e e e e e 23.4L5
Wing: ‘ .
Span, FE b h e e e e e e e e e e e e e e e e e e e 21.000
Area, sq@ £t . . . 4 . o o e 0 e e e e e e e e e e s e e 191.002
Sweep at leading edge, deg . . « « « « « 4 . o . o .o 60

Airfoil section, _ : : _
. root ChoTd « 4 4w e e e e e e e e e e e e e e e e e NACA 65A008
" “Mean aerodynamlc chord (measured 1n wing e :
© chord Plane), iN. [« ¢ . 4 4e v e e v e e e e e e e e 145.49
Leading-edge mean aerodynamlc chord rearward of B
theoretical leading edge of wing (measured in

R wing chord plane), £t . . . « ¢ « ¢ ¢ v ¢ 0 0 0 e . . - 6.06
Incidence (measured between wing chord plane and water
line),
YOO, AEE « o v o & &+ e 4 e e e e e e e e e e e 4
Dihedral, GEE « + e v e e e e e e e e e e e e e e e e ¢
.Elevons: ' ‘ ‘ , :
. Total area, rearward of hinge line, sq £t . . . . . . . - 22.095
‘Hinge line in percent of local chord: ' ' .
~ Root,- PETCENt  « v v v . h e e e e e e e e e e e e e 15
) “Tip, percent . . .. . . . 4 e e e e e e e e e e 15
Span, ft'._; e e e e e e et e e e e e e e e e e e e 6.135
Vertical tail- ' ~ ‘ ' R ' .
Total area, Sq T « o ¢ « & v o o« o 0 o 4 e a0 .. h7.205
Rudder, sQ £ « + v v o v v v o v e e e e e e e e e e 7.065
8paN,. Fh e e e v e s e e e e e e e e e e e e e e e e 9.150

Airfoil section . . . « « < « + « o+ o s oo . . . . . NACA 65012
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RYAN X-1% AIRPLANE AND FOR THE LOADING TESTED'QN,THE MODEL

TABLE IT.- MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR LOADINGS POSSIBLE ON THE

Blalges glven are full;scale; moments of inertia. are‘given about center of gravity] ) ’

TTALGTS WH VOVN -

_ Centerzof- Relative N, L
) gravity density, e s Melss parameters -
o 2| * location U slug-ft o :
Loading Weight, - — _ »
‘ o g | osen | Altituae,| 1. i -y | -t el O
level 25,00071‘1: ; mba m’ba . mba -
» Airplane vealues
Normal weight - full] . : : 1. . ) R
e Wit vheels | 6,958 |0.321] -0.077|22.65| 50.57 |1,728|4,306 | 5,209 | -2T5 x 107+ | -82 x 107|355 x 207
Normal weight - full| ’ 1. - A 1
oi"ﬁ:l :itlgx hook 6,69 | -325_ _-.088 21.81 48.70 }-1,543 | 4,082 )‘t."8.33 -272 -86 359
Landing velght - RIE B ]
25 percent fuel 5,908 | .323] -.oh7]19.19] u2.85 | 1,255|4,138 |4, 78] <357 -6 433
with wheels . : .
Landing weight - . ) : } S
25 percent fuel 5,646 | .3%2| -.063|18.35| 40.97 |[1,108(3,903 (4,482 -362 -75 37
. -with hook : . , _ NE _ e
Minimm weight - N :
5 percent fuel 5,628 | .324| -.oh2}18.35| 140.97 |1,158|%,127|%,652 | -383 -70 45%
with wheels :
Minimum weight - - ’ ' - : :
5 percent fuel 5,366 | .328] -.055|17.50) 38.87 |- 9823,820 4,354 | -388 -T3 461
with hook : . i _ ‘ g
» Model values
Normal weight - full| . o : ' : '
L vith hook 6,747 | 0.520 | -0.058| 22.02| 49.17 [ 1,61k | 4,291 | 1,499 289 x 1074 | -22 x 207 | 311 x 10-%

¢T




TABLE IIT.- TUMBLING CHARACTERISTICS OF 1/18 SCALE 'MODEL: OF THE RYAN X- 15 ATIRPLANE

[?udder

<

and ailerons neutral, elevators deflected as 1ndicated"
center-of-grav1ty location, 52 5 percent

. Behavior of model
- 1 speed and direction of | - ;
‘Loading Configuration| - -~ simulated engine Method of Stick ) Stick
o rotation launching full Stick full
back neutral forward
. Positive initial ' :
Zero ~rotation (8.) : (a') ’ (b) (a) 1 (b) ) (C)
v Negative initial ’ : !
Zero S etation ), @] ®); @] (), @
Normal weight - » —
full fuel Clean Idle T ' ‘
with hook (Counterclockwise Positive initiall (g) (e), (&) (c), (@)
viewed from rear) rotation
Idle | D N -
(Counterclockwise Neg%tlv? initial (b), (a)| (v), (a) (b}
viewed from rear) rotation ' : c

Bstopped tumbling,
bStopped tumbling,
Cstopped tumbling,
~dggopped tunbling,

entered spinhing motion to left.

entered wild gyrating motion.

entered roll sbout the X-axis.

entered glide.

/

TTALGIS WY VOVN

9T




-

: @ata. are presented in terms of full-scale time and for a full-scale drop distance of
¢ ) 2,900 feet; results presented are representative of those obta.ined]

' ATRPLANE WREN DROPPED FROM HOVERING FLIGHT ATTITUDE

TABLE IV.- CHARACTERISTICS OF A 1/16-SCALE MODEL OF THE RYAN X-13

S
EI

TTALETIS WM VOVN

Drop -

:3 Control settings

Speed and direction of

nurber = - simulated engine Remarks
" | .Rudder Ailerons Elevator rotation ¢
' . . Full Initial pitéh direction negative. Dropped about 5.9 seconds’
1 259 right | Neutral 10° up (Counterclockwise - before model started yawing alternately to the right and
. viewed from rear) left until hit net. -
: Initial pitch direction negative. Dropj:ed about 5.5 seconds
’ - i . Tdle before model entered s left spinv(opposite—direction to
2 Neutral | Neutral . .10° up (Clockwise viewed flywheel rotation). Model made 2% turns in spin before
: } : from resr) . hit net. (Drop shown in fig. 4.) ’
) ’ Init'iai pitch direction negative. Dropped about 7-.3':'seconds‘
: ) Tdle before model flatiened out and started rotating to the-
3 25° right Neutral 10° uwp {Counterclockwise right. After model made about ]§- turn to right, rotation
viewed from rear) stopped; model then fell for sbout 2.3 seconds in & trim
attitude before it started rotating to right again. '
Initial pitch direction negative. - Dropped about 6.5 3econds
X ) Idle . before model entered & right spin. Model spun about one -
b 25° right Neutral 10° wp (Counterclockwise turn and then pitched up and entered a wild gyrating
: - . viewed from rear) motion, Flywheel rotation had stopped by time model hit
net.. (Drop shown in fig. 3.)
. : Initial pitch direction negative. ODropped about 5.5 seconds
o .. 10 before model entered a right spin. After model spun for
2 2 r:’igh‘c‘ Neutra; 10 ® Zero about one turn, it stopped rotating and entered a low
) angle-of -attack trim attitude with oscillation in yaw.
) . Initiai piteh direction negative. - Dropped about 5.9 seconds.
. ) S . before model entered a right spin. Spun about two turns.
6 25" Tight Neutral 107 wp Zero ‘- ~before model hit net. Spin was fairly steady for first
- " turn, then becasme oscillatory.

LT
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CHART 1.- SPIN AND RECOVERY. CHARACTERISTICS OF m MODXL

- ‘, R Ehacvory ntt.-ptod by full rudder reversal unless otherwis noted (recovery attempted from, and
’ . : developed-spin data pronntcd for, ruddor-mll-vith lpm']

e - ..[ Atrpilane | attitude | Direction K Loading (ses table II)
: ~ X~13 Erect . Right i ) __ﬁigxiln}_wii t, full fuel, with hook
" A snter-ol-gravlity pos on tituds . .
C . . 32.5 percsnt § 25,000 1t . .
’ qu'al values converted to full scale U-~inner wing up - D-inner wing down
N -y . 4~ ‘ . . R 7% S J
‘69 {150 | 52 |esu] - o oo e2| 10w S B S ‘
-85 | 10p |120.| 60D | - | L7kl ap . : i '
267 p.53 | 298 |0.kq. Xo 8l % . |:eban]| ™
— SPIN 4 % SPIN
8 . Coell W .
1 1 ~ - ey
R v ’ < 3, bz
P,!' e, e,f'e,h b A
L 3| 1,k S 68| 9u
Fid L > T : 83 | 10D, o
Elevatoz-.' ]
—BOVALOT 5
P 273 P.49 EE
3up £,1 5,171,] 53
i 11 g8
2 23 gl
of—
, ~
-a,b S e m o i,p q
70| Wyo| Lol biv ' ) )
83| 11p| 108 | 71D : . ‘ ‘ . ‘ o
1 " No 1e NO -
. Allerons full sgainst . Allepvons full with -
aerfo-s2f2espdal T (Stick left) 1 %° SPIN (Stick right) - |
n 8,0 ' ) k i o
6, e» ﬁ 1
e,f o,0 gl
1 1 ofd
2 e
e
318
-
s fe
cfo
S
alis
>
4 3
a,b c n i,p Faq
72{ 9uj L8} 6ou
851 10D 123 57D
267[0.50| 298 o.47| MO C _ To|e9s | yo .
T |efe,n ed SPIN | 8. . SPIN. .
8, >9 | 1; 2, 3% . . %, >6, e o
e,f e,f - o v :
. %" ' i a “

, (deg) | (deg)
AThree eonditiona possible.‘ . . . v | o
bslightly oscillatory, ranga of yalues given. R ' . : C (fpa) | (rps)
Syiolently oscillntory, rangs of values. given. . . . . o for

. Turns fo:
dH del oscillated. oui: of spin by roll:l_ng inverted and continued roll:l:ng : . . rac:vqr;

°Recav-x7 attempted by deflecting the rudder to full against the spin and uimltmeously '
moving the ailaronl to full with the spin.

rA!'tar recovery, model started rot;ating in opposite direct.ion.

su.‘tar recovery, model pitchod ‘Invertsd and then rol].ed into an eroct glid..

hUpon recovery model rolled inverced and continued to roll about the X nxis.

"1Two conditions possible.

'jmterod a.glide.
o kRecoverad in a glide. :

lﬂecovery attempted by daflecting the rudder to 2/3 agninst: the spm md sirultanecusly moving
 the-'allerons to 2/3.with the, spin. -

Mmntersd a wild gyration type of motion. .
‘NAftér recovery, modsl pitched, inverted then rolled eroct, and continued to roll nbout th. X axis.'
ORecovered in an alleron roll.

. PViolently oscillatory for short duration (15-20 turns) then oscillated sut of spin.

- SModel pitched inverted t;hen back to eract position and may continue spinning.
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¢ . B W CHART 2.- SPIN AND RECOVERY GEABACTERISTICS OF THE MODEL

: " [recos . ttemptad from,
" Recovery attempted by full rudder revu'-ul unless otherwiu notjd (recovery o o,
' and divo].oped--pi_n dltl prasented for, ruddor-rull-with apins) S

- ' sed
Arplane Astitude e it Londingl(se; t:bl;ui:{)fuol wmlﬁnﬁ??tmmégrriiizizzsﬁgezﬂnbor
X-13 Erect L:ﬁuﬁﬁd 5;1;‘110:; &h b clockwiu as viewed from rear) ‘
K ' ) Altitude | Center-of-gravity position
e : . 125,000 £t 32.5 percent T

‘Model values converted to full scale . . .o - inner wing up D - mnorving down

c. ] : ’ ) b

ul - N
;D N ) T %g 1D
o T . - : :
‘1298 |0.59 Lo a k] 273 |0.78
. SPIN. a8
. . . b= -4 g 1 .
oo . ‘ ) i PEN 33, °°
. . . . h " :
d,f ! -
g 58 | 120 J
z 1 ‘ 75{ 30
. . A~
o)
_E_laﬂu_gr_>.~ 278 pb.65 g g
3w : P
4,3 Lk Lk -
g 1,3 -
iz
, =
b . . Lm - on . . Bub c
" L houl 72| 15U ‘ .| 381 3y
10| 37pD| 86| 3D . . : | 83| 19p . ‘
” m S 11 ¢ | " Allerons full with
- . m§o  |.Allerons full against ' | No. | Allerons full with
298(0.55| 261)0.88 .. o (stick right) | 267 |0-62 i (Stick left) ‘
_SPIN . - B SPIN : .
& l oo o0 ) 3, o2
35, -
d;k d,e |d e
T :
6,0 6,0 § g &
1, 1 @ 0 el
B E
adle
‘b 1,h n ) ’a,h [
18 | 32u 62| 17 ' ‘ 52 | 180
"9l | 26Dl 85| T . ) . { 13]10D
T o T . NO
311 |o.74| 267{0.8l -N? IR TR o 267 p-57
. - . OSPING oo 5 - SPIN
o . : c h, -] .
) ‘Two conditions poasible. ’ - . . : o é
bViclently oscillatory; range of values' given. . ' ’ [ (deg) | (deg)-
..vcnodol entersd a giide.. : ) ) . v a
‘dRscovery nttempted by" deflecting the rudder to "full’ agnj.nst the spin and simultaneously c (fp‘.') {rps)
1 : ]
moving the ailerons to 3 with the lspin.. . " Turna- for
°Hoda1 recovered in an aileron roll. . . recovery

TModel recoversd in a glide' then started turning in opposite direction. Model then may
pitch inverted and roll erect. and inverted again.

8Model recoversd in a glide.
hVery oscillatory, range of valuss given. ' ) . . .
"Rocovery attompted by dsrlscting the rudder to -;- against the apin and simultansously moving

~the ailerons to % with the spin.

JAftor recnvex-y medel stu‘ted t:urni.ng in opposite direction.
kU‘pon recovery, model entered a wild gyrating mot:ion.
Thrae .conditions possible.
mslightly oacillatory, rangs of values glven.
‘Boscillated out' of apin by pitching inverted and then started rolling about X axis.
ORecovery attempted by deflacting only the ailerons to full with the spin.
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- . s CHART 3.- SPIN. TICS OF THE MODEL
. = I T ' [Recovery attampted by “Tull rudder raversal: unless otherwise notad (recovery attempted from,
- . ’ and developed-spin dats presented. for, rudder-full-with spins) '
Airplane | Attitude Direction Loading (see table IT) .
B Left spln Normal weight, full fuel
X-13 - Frect = ’ ’ Angular momentum for full engine spesd
. simulated with hook simulated. (Fngine rotation 1s counter:
. Altitude Center-of-gravity position clockwiso as viewed from rear.)
25,000 £t . 32.5 percent T .
Hodel values converted to full acale U~inner wing up D-inner wlrig down
c ) g
120 | o . | 3| aeu
D [ - - . AP ) 871 15D
o NO gl
o : 298 fo.76)| - T . 8l 2 298[0.67
S . . . SPIN - :
. : - - <
o0 <! tien o
ERCOEH g YO S
i L 31U :
i $ | 3 3
. ‘ 1 ' Elevator . No :Q
- L’ 1 1286 10.59 B
Bt 2 SPIN 3
. . = 3 wp o
A - 3 I LT 85 gl
} , L L I, 1, 1 ala
% 2 2|5
$ a2
3 ' : 8.5 (] )
38] 23U 6 10U
93| 33D| .. ) ) 7 6D .
: i ‘ s . Allerons full against . . - Ailerons full with
.298Jo.80] MO . = = .
- - _ (Stick right) B 26110.68 (Stick lert)
rk T Tx| SPIN 1
g 1,11 63, @°
ls
oS
L
o o &y
%t—l k-
G
[ )
. L. 17
m,b - i | ' n a, g rc.
sul 35| Lol ' al | 391
78| 8% 13} idn 8l | 251
: ] » ' ) ‘ ! NO
267 |0.87| 298[0.7 o . 280 | 0.5%
} . L ~ . SPIN ' o - -SPIN
o ) °° N . , -lo [}
. o O oo | .. . L 1, 5&,“
ATwo conditions possible. } )
t’Sli.ght;ly oscillatory, range or avérage value. givsn. ' . . (d‘: 1 (deg)
SModel antered & glida. ' ) g 8
dRecovery attempted by deflecting the rudder to full agninst the spin and simultaneously =~ v 0
" “moving the silerons to full with the spin. (fps)| (rpsa)
eModel rscovered in a glide. Turns for-
fRscovery attempted by deflecting the rudder to full against the spi.n and simultansously recovery

moving the ailerons to % with the spin
' 5Violen'cly oscillstory, range of vnlues given. R T S - e
hﬁocovery attempted by deflecting the rudder to %-agsinsh the spin and simultaneously

moving the lilerons ‘fo 2 3 with tha lpin. '
il!pc:m recovary, ‘model went into a wild gyrating motion.
Jafter recovary, ‘model started spimming in opposite direction and then rollsd inverted.

¥Modal recovered in an aileron roll.
"1Hods1 recoversd in « glide and then started turning in the sa.me direction.

Mrhres conditions pozsible.
NModel oscillated out-of the spin by pitching inverted and then rolled sbout r.he X sxis.

OMadel reacoversd in a' vertical dive md rolled sbout the X axls.
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CHART - It ~SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

[Recovery unempted by full rudder reversal unless otherwise noted {recovery onempted from, and oeveloped-spln
data presented.for, rudder~full-with spms)]

e oee Airplane Attitude Direction Loading (see table_XT ) Angular momentum for idle engine
;. Gese : %13 Erect Right spin Normal welght, full speed simlated. (Engine rota-
fooo: ’ o - ' simulated fuel, with hook tion 1is counter-clockwise as
: B Slafs |  Flops | Altitude Center~of-gravity position viewed from rear.)
1 25,000 £t 32.5 percent ¢
" Mode! valués converted to full scale ' U~inner-wing up - D~inner wing down
d c
- ok 2%
App.App. NO K
12987 0-38 R
SPIN o W -
lalUa} ’ NO SPIN NO SPIN
d : . »
\ .
o ¥
Ni
Elevator 558
2 SPIN Belx
35w K
a,b e ) e
62 | 66U ‘
73D .
298 lo.38 NO _Apllerons full against Allerons full with -
° : (Stick left) . {Stick right)
SPIN ] 3
1 .
>23 NO SPIN
2 ‘ [
T.S 38 f’ :E
1 1 &
20 L’ 55z
o Bl &
- £ 0lo
& )&
>
adls
gE
o 2
-a,b ) \
68 | 23U
120 | 730
267 0.39 No
‘;S. F1:4 t SP.IN
1 1,3
%puo conditions possible.. a
N ” bViolently ‘oscillatory-for short. duration (s.bout 10 turns) then model rolled (deg) deg)
inverted. v )
CModel .rolled inverted for about two turns then back erect. (fps) (rps)
dModel entered a wild gyrating motion. . ;
©Model either entered a wild gyrating motion or rolled inverted. ‘ | Turns for recovery
rRecovery attempted by deflecting the rudder to full against the spin and

simultaneously moving the ailerons to full with the spin.
" BUpon recovery model want into a wild gyrating motilon.
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CHART 5 .—SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

Airplbne Attitude Direction Loading (see toble LI ) Angular momentum for full englne
X-13 Erect Right spin | Normal weight, full apeed. gimulated. (Engine rota-
. . simulated | fuel, wilth hook tion is counter clockwise as
Slats Flaps - Altitude Center—of—gravity position viewed from rear.) .
. 25,000 f%. 32.5 percent T
.. ‘Model values converted to full scale . U-inner wingup <~ D-inner wing down
a ' . 7 a
NO SPIN NO SPIN ‘ _ NO SPIN
A

Elevator
full up
(Stick back)

Ailerons full against Allerons full with >
(Stick 1left) ‘ : (Stick right)

NO SPIN ‘ NO SPIN
©
5
= 3
245
g of
2d
rﬂg o~y
]
a —

NO SPIN

" 8Model pitched up and went into wild gyrating motion. a
- . o Lo (deg) (deg)

v £l
T lfpsy (rps)

¢ ' DA QO Rr DY Y e L it e e e’ sive

Turns for recoveary
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78% line
. 9,34 .
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. : Fuseloge reference line : ey b Thrust line';
o WiL278 ]| ] -8 Wi 289

i Wi2se ™\
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15.63"—

W.L. 4194

' Figure 1.- Three-view'draWingxof a 1/18-scale model of the Ryan X-13 as
tested in the Langley 20-foot free-spinning tunnel. Dimensions are
. model values} Center-of-gravity position shown is 29.5 percent mean -
aerodynamic chord. = B ,
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Figure 2.~ Photograph of tke Ryan X-13 alrplane model as tested 1n the
' ' Langley 20-foot free -spinning tunnel '
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ime

yzero t

)

del released

Time mo

‘ ' ‘ - L- 57-1559
Flgu.re o I F:le show1ng motion of a l/lB-scale model: of the Rya.n X-13
airplane after being dropped from a hoverlng flight attitude. Film
was taken at 64 frames per second. (1d1e engine speed s:.mulated with
rotation of flywheel counterclockw1se from rear.)
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Figure 3.- Continued.

| L-57-1560
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L-57-1561

Figure 3.- Continued.




‘Figure 3.- Continued. =~ . = L-57-1562
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»Figure‘B.; Concluded. = L-57-1563
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ime
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|

Time model released

L-57-1564
Flgure b.- Film showing motlon of & 1/18 scale model of the Ryan X-13
airplane after being dropped from a hovering flight attitude. PFilm

was taken at 64 frames per second. (Tdle engine speed simulated with
rotatlon of flywheel clockwise from rear.)
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Figure 4.- Continued.
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Engine rofational speed, rpm,and thrust, Ib
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4000
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8000

o .
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- | :M‘oki'mum thrust

Flame out at 8000 R. PM

" Flame-out at zero time
| ' sea level s'raﬂc

Maximum rpm

Flame ouf 01 SOOO R PM
IOOOO ff s’raﬂc o

Time,sec

Figure 5.- :Enginé siaeedfand thrust after flame-out for the Rolls Royce Avon R.A. 14 jet engine.
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ANDARECOVERY CHARACTERISTICS OF A 1/18 SCALE MODEL OF

B THE RYAN X-13 AIRPLANE

COORD. NO. AF-199

By James S. Bowman, Jr.

ABSTRACT

An’ ﬁnvest;gatlon’has beeh conductedwln the. Langley‘EO'foot free-

:splnnlng tunnel on a 1/18 scale model of the Ryan X-13 airplane to

determine its spin, recovery, and tumbling characteristics and also

to determine the minimum altitude from which a belly landing could be
made in case of. power failure in hovering flight. The gyroscopic
moments of the simulated jet engine rotating parts. had a large effect
on the spinning characteristics. The model did not tumble in the ordi-
nary sense (end over-end pitching motion) but tended to enter a w1ld
gyratlng motion.. The minimum altitude requlred for a belly landlng
was 1ndlcated to ‘be about 4,200 feet.- :
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